Background/Aims: Ethylene is usually used to induce floral transition in pineapple. However, its successful induction in plants categorized as Cayenne is difficult or completely ineffective, and information concerned is limited. The present study was undertaken to investigate the molecular mechanisms underlying this obstacle. Methods: Transcriptome and proteome comparative analyses were performed to explore the important regulation and pathway variations after ethephon induction in the induction-easy 'Comte de Paris' (CP) and inductionhard 'Smooth Cayenne' (SC) cultivars via RNA-seq (RNA-sequencing) and iTRAQ (isobaric tags for relative and absolute quantification). Results: CP and SC exhibited basic differences at the transcriptomic and proteomic levels before ethephon treatment, including the expression of genes and proteins related to ethylene signal transduction. After ethephon induction, the expression of genes and proteins involved in plant ethylene signal transduction and carbohydrate metabolism responded more strongly in CP than in SC. The expression of the floral meristem identity (FMI) genes AG, TFL and FT exhibited greater changes in CP, and more transcription factors responded in SC. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses revealed that many differentially expressed genes (DEGs) in CP were annotated to terms and pathways involved in photoperiodism and shared components involved in carbohydrate metabolism and plant hormone signal Chuan-He Liu 
. The role of ethylene in floral induction is controversial and varies due to the difference in pineapple cultivars categorized [29] . It is easy for the flowering of pineapple plants categorized as Queen to be induced by ethephon, whereas this floral induction is difficult or even completely ineffective for those categorized as Cayenne, such as 'Smooth Cayenne' (SC), as well as for some spineless hybrid pineapple cultivars such as MD-2, Tainong 17 and Tainong 18 [14, 30] . For those categorized as Cayenne, only a portion of ethephon-treated buds are competent enough to complete the phase transition from vegetative to reproductive growth, while others remain in vegetative growth, indicating the ability to revert back to vegetative growth ( Fig. S1 -for all supplemental material see www.karger.com/10.1159/000495057). Flowering failures not only reduce yields but also affect fruit quality and cause harvest problems, which hinders production.
Little information is available regarding the role of ethephon stimulation for different categories of pineapple species and the mechanisms underlying the aforementioned issues. Accordingly, in this study, comparative analyses of the transcriptome and proteome of the two types of pineapple samples (categorized as either Queen or Cayenne) were performed for control (CK) and ethephon-treated plants to identify the important regulators and metabolic pathway variations involved. This study is expected to clarify two major issues: 1) what the basic differences in the transcriptomic and proteomic levels between the two different types of pineapple are before ethephon induction treatment and 2) what the variations in the DEGs and DEPs (differentially expressed proteins) between the two different types of pineapple plants responding to ethephon induction are as well as the metabolic pathways involved. The findings of this work contribute to the understanding of the molecular regulatory mechanisms of the ethephon-mediated stimulation of the floral transition in the two types of pineapple plants that differ in their floral induction behavior.
Materials and Methods

Plant materials and treatments
To investigate the variation in the floral transition between the two types of pineapple plants in response to ethephon-mediated induction, the pineapple cultivars 'Comte de Paris' and 'Smooth Cayenne', which are categorized as Queen and Cayenne, respectively, were used as materials. To easily distinguish the two cultivars in the present study, they are referred to as CP and SC, respectively. Forty-eight plants of both CP and SC (ninety-six in total) were selected for ethephon induction experiments; the selected plants displayed a similar height and number of leaves. On October 12 th , 2016, half of the plants were treated with 100 mL of ethylene solution containing 2.40 mL·L −1 ethephon (v/v, 40%), which was applied to the central cup. The ethephon-treated CP and SC plants are referred to as CP-T and SC-T, respectively. The other plants were treated with the same volume of clean water and used as CKs. The CP and SC CK plants are referred to as CP-CK and SC-CK, respectively.
Eight days later, nine shoot apical meristems (9 × 4 = 36 total) were randomly sampled from the CP-T, SC-T, CP-CK and SC-CK groups. All of the samples were immediately submerged in liquid nitrogen. Of the nine shoot apical meristems from each treatment and the CK treatment, six were used for transcriptomic analyses, and three were used for proteomic analyses. With respect to the transcriptomic analyses, the six shoot apical meristems from each treatment and the CK treatment were equally divided into two groups as two biological replicates.
RNA extraction, library construction and sequencing
The total RNA was extracted from each sample using a Trizol kit (Promega, USA) in accordance with the manufacturer's illustrations. Afterward, the total RNA was treated with RNase-free DNase I (TakaraBio, Japan) for 30 min at 37 °C to remove any residual DNA. The RNA quality was verified using a bioanalyzer (Agilent 2100 Technologies, Santa Clara, CA) and was also evaluated by RNase-free agarose gel electrophoresis. The concentration of the total RNA was measured at 260 and 280 nm using a bioanalyzer.
The mRNAs were subsequently enriched using oligo (dT) magnetic beads (Qiagen) and then broken down into short fragments. First-strand cDNA was synthesized using random hexamer primers. Second- strand cDNA was subsequently generated using RNase H and DNA polymerase I. After purification, end reparation and poly (A) addition, sequencing adapters were ligated to the cDNA. The cDNA was then purified via agarose gel electrophoresis and enriched by PCR amplification to generate a final cDNA library. Afterward, the cDNA libraries were sequenced on an Illumina HiSeq™ 2000 platform using paired-end technology. Clean reads were selected by removing any low-quality reads, adaptors containing reads, and reads containing > 10% N bases.
DEGs and functional enrichment analyses
The clean RNA-seq reads were mapped to a pineapple reference genome [31] by TopHat2. The normalized transcript abundance of the genes was calculated using the fragments per kilobase of transcript per million mapped reads (FPKM) method, and subsequently, differential expression analysis was performed to determine the threshold p-value, false discovery rate (FDR) and fold change (log 2 ratio) from two biological replicates using the edgeR package (http://www.r-project.org/). DEGs were defined as those with an FDR ≤ 0.05 and an absolute value of log 2 ratio ≥ 1. The DEGs were used for GO and KEGG enrichment analyses in accordance with the methods described by Kanehisa et al. [32] and Ashburner et al. [33] , respectively. The GO terms and KEGG pathways with P-values ≤ 0.05 were considered significantly enriched in DEGs.
Validation of DEG subsets by qPCR
Nineteen DEGs were subjected to qPCR to validate the accuracy and reproducibility of the transcriptome analysis RNA-seq results. The gene expression levels were determined using the Ct values with the formula 2 -△Ct . The actin gene of A. comosus (HQ148720.1) was used as a reference gene. Each qPCR analysis was performed in two biological replicates and three technical replicates. The primer sequences are shown in Table S1 .
Protein extraction
The total proteins were extracted using the cold acetone method. Samples were ground to a powder in liquid nitrogen and then dissolved in 2 mL of lysis buffer [8 M urea, 2% SDS, 1X protease inhibitor cocktail (Roche Ltd. Basel, Switzerland)], followed by sonication on ice for 30 min and centrifugation at 13, 000 rpm at 4 °C for 30 min. The supernatant was transferred to a clean tube, after which the proteins were precipitated with ice-cold acetone at -20 °C overnight. The precipitations were rinsed with acetone three times and then redissolved with 8 M urea by sonication on ice. The protein quality was examined with SDS-PAGE in accordance with the manufacturer's instructions. A bicinchoninic acid assay (BCA) protein assay kit was used to determine the protein concentration of the supernatant.
Protein digestion and isobaric tag for relative and absolute quantitation (iTRAQ)/tandem mass tag (TMT) labeling
Proteins were tryptic digested with sequence-grade modified trypsin (Promega, Madison, WI) at 37 °C overnight. The digested samples were then centrifuged at 13, 500 rpm for 12 min, dried under vacuum, and dissolved in 500 mM tetraethylammonium bromide (TEAB). The resultant peptide mixture was labeled with iTRAQ/TMT tags [iTRAQ Reagents-8Plex (SCIEX)] for 2 hours at room temperature. The labeled samples were then combined and dried under vacuum.
HPLC-MS/MS analysis and database search
A fusion mass spectrometer was operated in data-dependent acquisition mode to switch automatically between MS and MS/MS acquisition. Full-scan MS spectra (m/z 350-1550) were acquired at a mass resolution of 120 K, followed by sequential high-energy collisional dissociation (HCD) MS/MS scans at a resolution of 30 K. The isolation window was set as 1.6 Da. The AGC target was set as 400, 000. The MS/MS fixed first mass was set at 110. In all cases, one microscan was recorded using a dynamic exclusion of 45 seconds.
The tandem mass spectra were extracted, after which the charge state was deconvoluted and deisotoped by Mascot Distiller version 2.6. The MS data were then transformed into MGF files with Proteome Discovery version 1.2 (Thermo, Pittsburgh, PA, USA) and analyzed using a Mascot search engine (Matrix Science, London, UK; version 2.3.2). The Mascot database was set up for protein identification using the pineapple reference transcriptome database [31] . Mascot was queried with a fragment ion mass tolerance of 0. and a parent ion tolerance of 20.0 ppm. Carbamidomethyl of cysteine as well as iTRAQ8plex of lysine and the N-terminus were specified in Mascot as fixed modifications. Deamidation of asparagine and glutamine, oxidation of methionine and acetylation of the N-terminus were specified as variable modifications in Mascot.
Protein identification and quantification
Protein identification was accepted if the protein could present a FDR of less than 1.0% according to the scaffold local FDR algorithm. The proteins that contained similar peptides and could not be differentiated based on MS/MS analysis alone were grouped together to satisfy the principles of parsimony.
Proteins were quantified in all the identified samples with a unique spectra ≥ 2. The Mascot search results were averaged via medians and then quantified. The proteins whose fold change in expression within a comparison was > 1.2 or < 0.83 and whose unadjusted significance level (p-value) was less than 0.05 were considered differentially expressed.
Protein functional annotation and enrichment analyses
To identify their functions, the proteins were annotated against the GO and KEGG databases. Significant GO functions and pathways were examined for DEPs with a P-value ≤ 0.05.
Protein and RNA correlation analyses
To compare the agreement between transcriptomic changes and proteomic changes during the ethephon-induced floral induction process, correlations were analyzed based on the DEPs and DEGs.
Pearson correlation tests were conducted for each comparison group, including CP-CK vs SC-CK, CP-T vs SC-T, SC-T vs SC-CK and CP-T vs SC-T.
Results
Basic differences at the transcriptomic and proteomic levels between CP and SC before ethephon treatment
Before the ethephon treatment, in the comparison between CP-CK and SC-CK, 1, 633 DEGs were identified, including 504 upregulated and 1, 129 downregulated genes (Fig. 1A) . In the comparison between CP-CK and SC-CK, with respect to protein expression, 114 DEPs were identified, including 62 upregulated and 52 downregulated proteins (Fig. 1A) .
Furthermore, the DEGs ETR, ERF, ACS and ACO were identified in the CP-CK and SC-CK samples (Table 1) . Among these genes, the expression of ETR (Aco024515) in CP-CK was lower than that in SC-CK by 2.19-fold. The ERF (Aco017803) gene was expressed at a lower level in CP-CK than in SC-CK by 4.18-fold. The expression levels of the ACS (Aco015869) and ACO (Aco001358) genes in CP-CK were higher than those in SC-CK.
The ACO protein was identified as a DEP in the comparison between CP-CK and SC-CK, and its expression was lower in CP-CK than in SC-CK (Table 1) .
DEGs and DEPs related to "response to ethephon induction" between CP and SC
After the ethephon treatment, a total of 2, 984 DEGs were identified between CP and SC (by comparing the groups of CP-T and SC-T) (Fig. 1A ). Among these 2,984 DEGs, 1,354 genes were upregulated, and 1,630 were downregulated. Similarly, compared with those in SC-T, a total of 260 DEPs in CP-T were identified after ethephon induction, including 94 upregulated and 166 downregulated proteins (Fig. 1A) .
Within a cultivar, the transcriptomic and proteomic changes involved in the pineapple floral transition in response to ethephon-inductive cues were further explored by comparing the CP-T and CP-CK and SC-T and SC-CK groups ( 
GO analysis of the DEGs and DEPs related to "response to ethephon induction" between CP and SC
To investigate the molecular changes and biological functions of the DEGs and DEPs during the ethephon induction process, GO terms belonging to the biological process (BP) and molecular function (MF) categories were identified. As highlighted in Fig. 2 , the GO terms for the CP-T and CP-CK and SC-T and SC-CK comparison groups differed. With respect to genes, in the comparison group between CP-T and CP-CK, the DEGs were predominantly annotated to 19 GO terms in the BP category. These annotated GO terms, which included carbohydrate metabolic process (GO:0005975), cellular carbohydrate metabolic process (GO:0044262), cellular hormone metabolic process (GO:0034754) and regulation of hormone levels (GO:0010817), were involved predominantly in carbohydrate metabolism, plant hormone signal transduction and metabolism. Additionally, the GO terms associated with photosynthesis and photoperiod, which included the photosynthesis and light reaction (GO:0019684) as well as the photosynthesis and light harvesting (GO:0009765) terms, were enriched in the comparison between CP-T and CP-CK. In the MF category, the DEGs were predominantly annotated to 16 GO terms, including UDP-glycosyltransferase activity (GO:0008194), UDP-glucosyltransferase activity (GO:0035251), sucrose synthase activity (GO:0016157) and cellulose synthase activity (GO:0016759); these terms were involved predominantly in carbohydrate metabolism. Additionally, the plant hormone transductionassociated GO term cytokinin dehydrogenase activity (GO:0019139) was enriched in CP-T and CP-CK. In the comparison group between SC-T and SC-CK, the DEGs were predominantly annotated to 8 GO terms in the BP category. These GO terms were involved predominantly in carbohydrate/sugar metabolism and included cellular carbohydrate metabolic process (GO:0044262), cellular carbohydrate biosynthetic process (GO:0034637) and carbohydrate biosynthetic process (GO:0016051) terms. No GO terms associated with plant hormone signal transduction or photosynthesis and photoperiod were enriched with DEGs in the comparison between SC-T and SC-CK. In the MF category for SC-T and SC-CK, the DEGs were predominantly annotated to 9 GO terms, including UDP-glucosyltransferase activity (GO:0035251), glucosyltransferase activity (GO:0046527) and cellulose synthase activity (GO:0016759), which were involved predominantly in carbohydrate metabolism.
With respect to proteins, in the CP-T and CP-CK comparison group, the DEPs were annotated predominantly to the GO terms of metabolic process (GO:0008152), singleorganism process (GO:0044699), cellular process (GO:0009987) and response to stimulus (GO:0050896) in the BP category and catalytic activity (GO:0003824) and binding (GO:0005488) in the MF category. In the SC-T and SC-CK comparison group, the annotation of the DEPs was similar to that in the CP-T and CP-CK comparison group, and GO terms including metabolic process, single-organism process, cellular process and response to stimulus in the BP category as well as catalytic activity and binding in the MF category were identified.
KEGG analysis of the DEGs and DEPs related to "response to ethephon induction" between CP and SC
A KEGG pathway analysis was performed to further examine the DEGs and DEPs (Fig.  3) . With respect to the genes, in the comparison between CP-T and CP-CK, many DEGs were enriched in 11 metabolic pathways, including carbohydrate metabolism pathways such as starch and sucrose metabolism (ko00500), amino sugar and nucleotide sugar metabolism (ko00520), and pentose and glucuronate interconversions (ko00040); plant hormone signal transduction pathways such plant hormone signal transduction (ko04075), brassinosteroid biosynthesis (ko00905) and ZT biosynthesis (ko00908); and plant photoperiod pathways such as those of photosynthesis antenna proteins (ko00196) and the circadian rhythmplant (ko04712). In the comparison between SC-T and SC-CK, many DEGs were enriched in 5 metabolic pathways including galactose metabolism (ko00052), plant hormone signal transduction (ko04075) and amino sugar and nucleotide sugar metabolism (ko00520).
With respect to proteins, in the comparison between CP-T and CP-CK, many DEPs were enriched in starch and sucrose metabolism (ko00500), carbon metabolism (ko01200), glyoxylate and dicarboxylate metabolism (ko00630), the citrate cycle (tricarboxylic acid (TCA) cycle) (ko00020), amino sugar and nucleotide sugar metabolism (ko00520), and glycolysis/gluconeogenesis (ko00010). Similar results were obtained in the DEPs of the SC-T and SC-CK comparison group.
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Variation in genes related to floral induction between CP and SC in response to ethephon induction
The DEGs related to floral transition in response to ethephon induction in pineapple were identified, and the differential expression of these genes in ethephon-treated CP and SC were compared. Tables 2 and 3 summarize the expression of these ethephon inductionrelated DEGs.
ERFs and ACO
In the comparison between CP-T and CP-CK, five ERFs, namely, Aco017803, Aco001844, Aco012860, Aco001600, and Aco009511, were identified as DEGs and were found to be upregulated by 7.12-, 2.85-, 2.33-, 1.21-and 1.09-fold, respectively. In the comparison between SC-T and SC-CK, three ERFs, namely, Aco017803, Aco001844 and Aco012860, were identified as DEGs and were upregulated by 4.00-, 1.61-and 1.60-fold, respectively.
In the comparison between CP-T and CP-CK, one ACO gene, Aco015240, was identified as being differentially expressed and was upregulated by 1.52-fold in CP-T. In the comparison between SC-T and SC-CK, the ACO Aco015240 gene was upregulated by 1.30-fold in SC-T.
Genes related to carbohydrate metabolism
In the CP-T and CP-CK comparison, the SPS (sucrose phosphate synthase) gene Aco017378, the BAM (beta-amylase) gene Aco014607 and the FBP (fructose-1, 6-bisphosphatase) gene Aco016862 were upregulated by 2.89-, 2.00-and 1.88-fold, respectively, in CP-T. With the exception of FBP, these genes were identified as DEGs in the comparison between SC-T and SC-CK, and their expression levels were upregulated by 2.30-and 1.05-fold, respectively, in SC-T. 
AG
In the comparison between CP-T and CP-CK, four AGs (Aco004839, Aco012428, Aco017563 and Aco015104) were identified as DEGs and were found to be upregulated by 11.69-, 9.86-, 4.20-, and 1.38-fold, respectively, in CP-T. In the comparison between SC-T and SC-CK, only two corresponding genes, Aco004839 and Aco012428, were identified as DEGs and were upregulated by 10.10-and 4.69-fold, respectively, in SC-T.
TFL
In the comparison between CP-T and CP-CK, one TFL gene, Aco016718, was identified as a DEG and was downregulated by 2.54-fold in CP-T, whereas Aco016718 was downregulated by 1.69-fold in SC-T in the comparison between SC-T and SC-CK.
FT
In the CP-T and CP-CK and SC-T and SC-CK comparison groups, the FT gene Aco003470 was found to be upregulated by 8.95-and 3.46-fold in CP-T and SC-T, respectively. Table 3 . A list of some DEGs detected in the CP-T and CP-CK and the SC-T and SC-CK comparison groups (Table 3 ). In the comparison between CP-T and CP-CK, 5 MYBs, 7 WRKYs, 1 NAC and 8 bHLHs were identified as DEGs and were consistently upregulated in CP-T. In the comparison between SC-T and SC-CK, these TFs constituted relatively more enriched DEGs. A total of 13 MYB, 11 WRKY, 4 NAC and 4 bHLH TFs were identified and were consistently upregulated. Most of these TFs were differentially expressed more in the comparison between SC-T and SC-CK than in the comparison between CP-T and CP-CK.
Variation in proteins related to floral induction between CP and SC in response to ethephon induction
The DEPs related to floral transition in response to ethephon induction in pineapple were identified. Table 4 summarizes the expression of these ethephon induction-related DEPs.
ACO protein
In the comparison between CP-T and CP-CK, the ACO protein (Aco001358), which was upregulated by 1.90-fold in CP-T, was identified as a DEP. In the comparison between SC-T and SC-CK, Aco001358 was upregulated by 1.41-fold in SC-T.
Proteins related to sugar metabolism
In the comparison between CP-T and CP-CK, the glucose-1-phosphate adenylyltransferase (GluPAT) family protein (Aco006199) was identified as DEP and was upregulated by 1.64-fold, in CP-T. Compared with that in CP-CK, the expression levels of two beta-glucosidase proteins (BGLUs), namely, Aco000757 and Aco000756 were upregulated by 1.67-and 1.52-fold in CP-T, respectively. In the comparison between SC-T and SC-CK, none of previously mentioned proteins were identified.
Verification of gene expression data using qPCR
Nineteen of the identified DEGs were subjected to qPCR. Correlation analyses of the fold change (log 2 ratio) of the gene expression ratios revealed a significant positive correlation (R = 0.84463) between the FPKM values obtained from the RNA-seq and qPCR analyses (Fig. 4) .
Correlation analysis of RNA and protein expression
The tests revealed correlations (r, Pearson) of 0.202, 0.317, 0.132 and 0.565, between the mRNA and protein ratios for the comparison groups CP-CK vs SC-CK, CP-T vs SC-T, CP-T vs CP-CK, and SC-T vs SC-CK, respectively (Fig. 5) . 
Discussion
Variation in the basic ability of ethylene signal transduction may result in different responses to ethephon application between CP and SC
Field culture practices have indicated that pineapple plants categorized as Cayenne usually continue their vegetative growth instead of transitioning to reproductive growth after ethephon stimulation, which differs from species categorized as Queen. In this work, many DEGs and DEPs were identified between the two types of pineapple, namely, CP and SC, which are categorized as Queen and Cayenne, respectively, before the ethephon induction treatment, which suggested that there are basic differences between CP and SC. Similar results occurred in the reports of the seasonal and continuous flowering roses in response to floral transition [34] as well as for low-and high-cadmium-accumulating genotypes of pakchoi (Brassica chinensis L.) in response to cadmium stress [35] . In particular, the results revealed that the expression levels of the ETR and ERF genes were lower in CP than in SC before the ethephon induction treatment, whereas those of the ACS and ACO genes were higher. The DEP analysis also revealed that there was a difference between CP and SC with respect to ACO protein expression before ethephon induction treatment. ETR is a negative regulator of the ethylene signal transduction pathway, that is, it inhibits the pathway when it is not bound to ethylene [17] . Reductions in ETR and ERF levels increase the sensitivity of plants to ethylene, and a lower concentration of ethylene could stimulate the ethylene response and induce pineapple flowering [36] [37] . The ACS and ACO genes are the key regulatory genes involved in the biosynthesis of ethylene [23, 38] and are upregulated by ethephon application when pineapple flowering is triggered [12, 23] . Variation in the expression of these ethylene-related genes and proteins revealed differences in the basic ability of ethylene signal transduction between CP and SC. The lower levels of the ETR and ERF genes and higher levels of the ACS and ACO genes in CP may result in the increasing sensitivity of plants to ethylene and a higher response to ethephon stimulation in CP than in SC.
Expression of floral induction-related DEGs and DEPs responded more strongly to ethephon application in CP than in SC
After ethephon application treatment, greater numbers of DEGs and DEPs were identified between CP and SC. In addition, the number of identified DEGs was more in SC than in CP regardless of the total or the up-and downregulated DEGs. The same trends were also observed in the DEP analysis. It seemed that SC was more responsive than CP to the ethephon induction. Nevertheless, the fold changes (including up and downregulation) of the DEGs and DEPs in CP, especially those involved in plant hormone signal transduction, including the ERF and ACO genes, were more significant than those in SC. The protein analysis revealed that the expression of ACO was higher in CP than in SC in response to ethephon induction, which was in accordance with the corresponding results of the RNA-seq analysis. These results suggested that the ethephon application treatment affected the expression of plant hormone signal transduction genes in pineapple, and stronger effects were observed in CP than in SC. Similar results were obtained for two different sensitive mandarin plants in response to ethylene application [39] .
Ethephon application caused increases in carbohydrates, including sucrose and other sugars [16] . Increases in soluble sugar concentrations in the apical meristem represent one of the first physiological changes in plants and sugar and starch metabolism play vital roles in the regulation of the floral transition [34, 40] . In the present work, the expression of the SPS, FBP and BAM genes and of some sugar metabolic proteins (GluPAT and BGLU) were upregulated and were found to be higher in CP than in SC after ethephon application. BGLU protein plays a potential role in activating glucose-conjugated compounds to migrate to shoot apical meristem for promoting flowering [41] .The results above suggested that the expression of floral induction-related DEGs and DEPs responds more strongly to ethephon application in CP than in SC, which is probably a reason why CP pineapple plants could complete the floral transition in response to ethephon application and why the SC pineapple plants usually revert to vegetative growth.
DEGs associated with FMI contributed to the difference in the ethephon induction response between CP and SC
After floral initiation in response to ethylene induction, the process of FMI and floral morphogenesis, which requires the action of several FMI and floral development genes such as FT, LFY, PI, CAL and AG, is initiated [12, 18, [26] [27] [42] [43] . TFLs prevent flowers from developing on the inflorescence apex, suppress the FMI genes LFY and AP1 and maintain the inflorescence meristem [44] [45] . In the present work, the expression of the pineapple AG and FT genes was induced, and the expression of TFLs was repressed in response to ethephon application at 8 days after ethephon flower induction; the results were in accordance with those of previous physiological research in which, after eight days, ethephon-treated pineapple plants showed signs of inflorescence development and the phyllome stopped developing [15] . Likewise, the fold changes in the expression of the AG, TFL and FT genes were higher in CP than in SC, which probably explained why the effectiveness of ethephon application for floral induction in the pineapple plants categorized as Queen (i.e., CP) was more significant. However, these genes were not strongly induced by ethephon application, which was probably related to why pineapple plants categorized as Cayenne (i.e., SC) usually reverted to vegetative growth instead of reproductive growth.
More TFs responded to ethephon stimulation in SC after ethephon treatment than in CP
A higher concentration of ethephon might be perceived as one type of stress encountered by pineapple plants, which results in the increased expression of TFs after ethephon treatment [17] [18] . In addition to the previously mentioned ERFs, other TFs, including MYBs, WRKYs, NACs and bHLHs, were shown to be upregulated in response to ethephon treatment. Similar results were reported in litchi [46] , in which TFs were upregulated in response to ethephon during fruit abscission. These TFs are activated and subsequently regulate both the production of downstream stress defenses and the formation of protection [46] [47] . Within two contrasting melon genotypes with respect to sensitivity to powdery mildew, TFs responded more strongly to pathogen attack in the resistant genotypes after Podosphaera xanthii inoculation [47] . In the present work, more TFs responded to ethephon stimulation in SC (in which relatively greater expression changes occurred) than in CP, which suggested that SC responded more strongly to defend against the ethephon stimulation stress. This phenomenon is probably why the SC plants were not strongly induced by ethephon application to transition to flowering.
In particular, MYB and WRKY TFs responded much more strongly in SC after ethephon application than in CP, indicating greater numbers of upregulated MYB and WRKY genes and greater fold changes in the induced genes that were upregulated. Relatively high expression levels of MYB2 [48] and WRKY [49] [50] [49] , WRKY12 and WRKY13 [50] [51] [52] have shown opposite functions in floral regulation. In this work, the MYB and WRKY TFs in SC responded much more strongly to ethephon application than did those in CP; however, additional investigations are needed to verify whether this result is related to the incompletion of the floral transition in SC.
Signal transduction pathways responded differently between CP and SC GO annotation and KEGG analyses revealed that the ethephon-induced DEGs and DEPs were annotated predominantly to GO terms such as carbohydrate metabolism, plant hormone signal transduction and response to stimulus, as well as the KEGG pathways of starch and sucrose metabolism and plant hormone signal transduction. These results indicated that carbohydrate metabolism and plant hormone signal transduction and metabolism were commonly involved in the floral transition process induced by ethephon. Similar results have been reported previously [18] . However, more carbohydrate metabolism, plant hormone signal transduction and metabolism-associated GO terms and KEGG metabolic pathways with more DEGs were enriched in the CP-T and CP-CK comparison group than in the SC-T and SC-CK comparison group. In addition, a few photoperiodism-related GO terms, including photosynthesis, light reaction and photosynthesis, and light harvesting as well as KEGG pathways, namely, photosynthesis and circadian rhythm-plant [34] , were annotated in the CP-T and CP-CK comparison group. Combined with the photoperiod pathway-associated DEGs, COR27 and GI [42, 53] , identified in CP (not showed), these results suggested that ethephon induction probably triggered the photoperiod pathway for floral initiation in the CP pineapple plants, whereas the corresponding photoperiod pathway was not triggered in the SC plants.
Notably, few DEPs identified in this work were associated with plant floral transition and the FMI process. Additionally, the correlation coefficient was relatively lower in this work when the correlation between RNA and protein expression was explored. This result was probably due to the presence of posttranscriptional regulation and posttranslational modifications that occurred during the floral induction process in response to ethephon stimulation. Remarkably, the change tendency of the ACO gene was in accordance with the ACO proteins in response to ethephon treatment. ACO is an upstream gene in the ethephoninduced floral transition process; ACO is the key regulatory gene in the triggering of flowering [12, 23, 38] .
Despite the aforementioned reasons explaining the cause of variation in response to the ethephon-induced floral transition between CP and SC, additional research is needed to verify the expression of genes and proteins in the corresponding transgenic pineapple plants.
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